Background-We previously demonstrated in a randomized placebo-controlled trial that 2-year pravastatin treatment induced a significant regression of carotid intima-media thickness (IMT) in 8-to 18-year-old children with familial hypercholesterolemia. Subsequently, we continued to follow up these children to explore the relation between the age of statin initiation and carotid IMT after follow-up on statin treatment. We also examined safety aspects of statin therapy during this long-term follow-up. Methods and Results-All 214 children who initially participated in the previous placebo-controlled study were eligible for the follow-up study. After completion of the placebo-controlled study, all children continued treatment with pravastatin 20 or 40 mg, depending on their age. Blood samples were taken on a regular basis for lipids and safety parameters, and a carotid IMT measurement was performed after an average treatment period of 4.5 years. Follow-up data for 186 children were available for the statistical analyses. Multivariate analyses revealed that age at statin initiation was an independent predictor for carotid IMT after follow-up with adjustment for carotid IMT at initiation of statin treatment, sex, and duration of treatment. Early initiation of statin treatment was associated with a subsequently smaller IMT. Furthermore, no serious laboratory adverse events were reported during follow-up, and statin treatment had no untoward effects on sexual maturation. Conclusions-These data indicate that early initiation of statin treatment delays the progression of carotid IMT in adolescents and young adults. The present study shows for the first time that early initiation of statin therapy in children with familial hypercholesterolemia might be beneficial in the prevention of atherosclerosis in adolescence. (Circulation.
F amilial hypercholesterolemia (FH) is the paradigm of the established relationship between increased lowdensity lipoprotein cholesterol (LDL-C) and cardiovascular disease. 1, 2 This monogenetic disorder is characterized by exposure to severely elevated LDL-C levels from birth on, 3, 4 which strongly predispose to the early initiation of atherosclerosis. Indeed, children with FH are already characterized by impaired endothelial function and increased intima-media thickness (IMT). 5, 6 As a sequel to these observations, myocardial ischemia and coronary artery stenosis have been documented in young adults with this disorder. 7, 8 The early onset of atherosclerosis in patients with FH stresses the need to initiate cholesterollowering treatment at a young age in children with this disorder. In adults, the preferred drugs are HMG CoA
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reductase inhibitors or statins. In previous years, several trials have demonstrated the efficacy and short-term safety of statin therapy in children and adolescents. 9 -14 In one of these randomized placebo-controlled trials in children, we also have demonstrated that 2-year treatment with pravastatin reduced the progression of atherosclerosis as measured by IMT. 13 Because longer-term statin studies in children are lacking, it is unknown at which age statin treatment should be initiated in terms of safety and cardiovascular disease risk reduction. Therefore, we continued to follow up the subjects of our previous study 13 to explore the relationship between the age at statin initiation and carotid IMT after follow-up on statin treatment. Furthermore, we were able to evaluate the long-term effects of statin treatment on safety parameters.
Methods

Patients
All 214 patients who initially participated in the single-center, randomized, double-blind, placebo-controlled study 13 were eligible for the present study. Briefly, children were enrolled if they had 1 parent with a definite clinical or molecular diagnosis of FH; were between 8 and 18 years of age; had been on a fat-restricted diet for at least 3 months; had fasting plasma LDL-C levels Ն4.0 mmol/L and triglyceride levels Ͻ4.0 mmol/L on 2 different occasions; used adequate contraception (sexually active girls); and did not use any treatment for hypercholesterolemia, including plant sterol or stanol products. Children were randomly assigned to receive either pravastatin or placebo for 2 years. Children Ͻ14 years of age received 20 mg pravastatin; those Ն14 years of age received 40 mg. The protocol of the study was approved by the Institutional Review Board, and all patients gave informed consent.
Procedures
At the end of the previous placebo-controlled trial, children who were on pravastatin continued with pravastatin, and those who were on placebo changed to 20 or 40 mg pravastatin, depending on their age (Ͻ14 years, 20 mg; Ն14 years, 40 mg). For the present study, children were followed up for at least 2 years after they had completed the original placebo-controlled trial, which means that subjects on placebo treatment in the original study were treated with statins for at least 2 years and subjects on statin treatment for at least 4 years (the Figure) . Plasma levels of lipids, muscle and liver enzymes, sex steroids, gonadotropins, and hormones of the pituitaryadrenal axis, as well as height, weight, and information with respect to age at menarche, Tanner staging, and testicular volume, were obtained at initiation of statin treatment and at regular intervals at the outpatient clinic once or twice a year. Plasma total cholesterol, high-density lipoprotein cholesterol (HDL-C), and triglyceride levels were determined by means of commercially available kits (Boehringer, Mannheim, Germany). Levels of LDL-C were calculated with the Friedewald equation. 15 Hormone values were evaluated by means of age-and Tanner stage-specific reference values as used in the Academic Medical Centre (Amsterdam, the Netherlands).
Carotid IMT was measured at the initiation of statin treatment and at least 2 years after subjects had completed the placebo-controlled trial. Carotid B-mode ultrasound examinations were performed by a single sonographer with an Acuson XP128 ultrasound machine equipped with an L75 transducer (10 MHz) and extended-frequency software (Acuson-Siemens, Mountain View, Calif). Images of the distal common, bulb, and internal far-wall carotid segments were saved as JPEG stills on minidisks. The IMT was measured by a single image analyst masked to all clinical information. Mean carotid IMT was defined as the mean IMT of the right and left common carotid, carotid bulb, and internal carotid far wall segments. For a given segment, IMT was defined as the average of the right and left IMT measurements. If a segment was missing on either side, IMT was defined as the value of the remaining segment; if both left-and right-side values were unavailable, the IMT value was considered missing for that segment, and the mean carotid IMT also was considered missing.
Statistical Analyses
For the statistical analyses of the present study, we used only data from the time span in which patients were on statin treatment (the Figure) . For instance, carotid IMT at the initiation of statin treatment, depending on randomization and measured at baseline or at the end of the original placebo-controlled study, and currently measured IMT after follow-up were used for statistical data analyses. Using a linear regression model, we first explored the univariate association between the mean carotid IMT after follow-up and the following variables: age at statin initiation, carotid IMT at statin initiation, duration of statin treatment, statin dosage, sex, body mass index, mean arterial blood pressure, total cholesterol, LDL-C, HDL-C, and triglycerides. Using multivariate analyses, we identified independent predictors after stepwise selection in a model that constantly contained age at statin initiation. Variables with a skewed distribution were log transformed before analysis. Statistical analyses were performed with SPSS 11.5 for Windows (SPSS Inc, Chicago, Ill) software.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
From the original cohort of 214 children, 28 subjects were excluded from the present analysis because they moved (nϭ10), refused consent (nϭ7), or did not use statins owing Study design. The shaded areas represent the periods in which patients were on statin treatment, and data from those periods were used for statistical analyses in the present study. R indicates randomization; RCT, randomized controlled trial.
to pregnancy (nϭ6) or otherwise unknown reasons (nϭ4), and 1 male adolescent had died after a motorcycle accident. Mean age at statin initiation of the remaining 186 subjects was 13.7Ϯ3.1 years, and 49% were male. The lipid profiles at initiation of statin treatment and after follow-up are depicted in Table 1 . Mean carotid IMT was 0.494Ϯ0.047 mm at the start of statin treatment and 0.547Ϯ0.060 mm after follow-up. Mean duration of statin treatment was 4.5 years (range, 2.1 to 7.4 years). During follow-up, 83% of the patients continued with pravastatin, and 17% changed to another type of statin. None of the subjects had cardiovascular complaints or a cardiovascular event during follow-up. The results of the univariate and multivariate analyses of the association between carotid IMT after follow-up and clinical variables are shown in Table 2 . The following independent predictors for combined carotid IMT after follow-up were identified: carotid IMT at statin initiation (␤ϭ0.446Ϯ0.088; PϽ0.001), age at statin initiation (␤ϭ0.003Ϯ0.001; Pϭ0.016), male sex (␤ϭ0.027Ϯ0.008; PϽ0.001), and duration of statin use (␤ϭ0.013Ϯ0.003; PϽ0.001). Although mean arterial blood pressure and HDL-C levels at the start of statin use were significantly associated in the univariate analyses, these relationships were lost in the multivariate analyses.
Safety
No serious laboratory adverse events were reported during the follow-up period, and none of the subjects discontinued treatment as a result of laboratory adverse events. Two male subjects, both extreme fitness practitioners, showed increased creatinine phosphokinase levels of Ͼ10 times the upper limit of normal. Creatinine phosphokinase levels returned to normal without the discontinuation of treatment, and the extreme physical exercise was consequently judged to be the cause for these increases. Four other subjects complained of myalgia, but this was not accompanied by elevated creatinine phosphokinase levels.
One boy who was 12 years of age was still prepubertal, and 4 girls who were 12.5, 13.8, 14.0, and 14.2 years of age had not experienced their menarche at the end of this follow-up period. Three male subjects and 1 female participant showed increased levels of follicle stimulation hormone just above the normal range. However, because follicle stimulation hormone does not directly regulate steroid synthesis, these elevations are not likely to be related to statin use. Three subjects showed levels of dehydroepiandosterone sulfate below the normal range, which was considered not clinically relevant as evidenced by normal pubertal development and normal adrenocorticotropic hormone and cortisol levels. Two subjects had slightly higher-than-normal adrenocorticotropic hormone levels, but these levels were possibly due to stressful venipunctures.
Discussion
In this longest follow-up study of statin therapy in childhood to date, we demonstrate that, after adjustment for potential confounders, age at statin initiation was positively associated with carotid IMT after follow-up on statin treatment. This finding indicates that the earlier statin treatment is initiated, the smaller the carotid IMT is later. According to our model, IMT after follow-up will increase 0.003 mm in FH patients for each year that statin therapy is postponed (Table 2) . Furthermore, we carefully checked adverse events and untoward influences on pubertal development and hormonal status. Given that all calculated median plasma hormone concentrations (steroid hormones, gonadotropins, and adrenocorticotropic hormone) were in a range similar to the reference medians and that the few unexplained outliers probably reflect normal statistical variation, we consider it unlikely that statin treatment in these young subjects affects hormonal regulation and sexual maturation. The primary goal of the active identification programs in both the Netherlands and the United Kingdom is to ensure that lipid-lowering treatment is initiated as early as possible. 16 Our data support the concept that this initiation should occur in childhood. This concept is further supported by the favorable safety outcomes, which indicate that this therapy had no untoward effects on sexual maturation or growth. In addition, side effects such as myopathy were rare. On the other hand, the optimal age at which statin treatment could be started during childhood is unknown, and long-term follow-up of patients who receive early treatment is needed to confirm the benefit of early treatment and to identify the optimal age at which treatment should be started.
Some methodological aspects of our study merit discussion. After finishing the original 2-year trial, all children received open-label pravastatin treatment. Because treatment during the follow-up period was not placebo controlled, safety outcomes were not evaluated in the preferred controlled setting, which may have affected our findings with respect to safety and pubertal development. However, variations in hormone levels, growth, and sexual maturation were individually judged and compared with reference values according to age, sex, and pubertal stage.
The active identification of FH patients is gaining acceptance across Europe. This will undoubtedly lead to increasing numbers of FH children coming under medical attention. Our results are likely to be useful in the counseling of these young children and their parents and in the motivation for compliance with drug therapy. Longer-term follow-up treatment with more robust lipid-lowering therapy is now required to assess whether arterial wall morphology in FH individuals can be restored to non-FH pediatric or young adult ranges with the inference that cardiovascular risk in this high-risk cardiovascular disease population can be similarly ameliorated.
